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Abstract.--Streamflow and sediment were monitored in an urbanizing drain- 
age basin in southeastern Montgomery County, Md., from 1962 to 1972. During 
this period, urban construction area averaged about 3 percent of the 21.1 mi 
(54.6 km@) basin. Urban land increased from 3.5 percent in 1959 to 20 percent 
in 1971. Virtually all the suspended sediment was transported during storms, 
three-fourths during large storms. High sediment yields were observed in 
February, March, June, and August and low yields generally from September through 
January. The decrease in sediment discharge in the latter half of the study 
period is attributed to a sediment-control program. Sediment, discharge .ae head 
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INTRODUCTION 


Sediment control has become an integral part of urban construction in the 
Baltimore-Washington area. In the early 1960's, local government agencies be- 
came increasingly aware of the sediment problems associated with urban construc-— 
tion activities, and several programs were instituted to control sediment. 
Studies by Guy and Ferguson (1962), Keller (1962), Wolman (1964), Guy (1965), 
and Vice and others (1969) provided information on sediment movement in urban 
areas which resulted in the adoption of sediment-control programs in Maryland. 
These early studies were concerned primarily with the magnitude of sediment 
entering streams from construction sites. This report presents preliminary 
results from a study begun in 1962 to define urban sediment problems and expanded 
in 1966 to evaluate response to sediment-control practices in urban construction 
areas. 


Description of Basin 


The study area is in the headwaters of the Anacostia River which drains 


‘parts of Montgomery County and Prince Georges County, Md., and enters the 


Potomac River in the District of Columbia. The part of the basin being 
studied is drained by the Northwest Branch north of Glenmont in Montgomery 
County (fig. 1). The drainage area is 21.1 mi2 (54.6 km@) and is bounded 
approximately by the towns of Glenmont, Norbeck, Olney, Ashton, and Coles- 
ville. The altitude of the basin above mean sea level ranges from 320 feet 
(97.5 m) at the gaging station to 560 feet (170.7 m) near Olney. The main 
channel slope is 19.3 ft/mile (3.66 m/km). | 
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Figure 1.--Location of Northwest Branch Anacostia River basin, (stippled). 


The basin is in the eastern division of the Piedmont physiographic pro- 
vince and is characterized by a rolling topography. Igneous and metamorphosed 
igneous rocks underlie the area. The Manor-Chester-Glenelg soil association 
is predominant in the area. These soils are moderately deep; depth to sub- 
stratum ranges from about 18 to 40 inches (46 to 102 cm). Surface soils 
range in thickness from 0 to 8 inches (0 to 20 cm) and are mostly silt loams 
and gravelly and channery silt loams. The subsoils are predominately silty 
clay loams and silt loams. The soils are highly susceptible to erosion, and 
in some parts of the basin much of the surface soil and part of the subsoil 
have been removed by erosion. 


The study area has a temperate and rather humid climate. The mean annual 
temperature is about 13°C. Based on the 86-year Environmental Data Service 
record of precipitation at College Park, Md., the average annual precipitation 
is 43.47 inches (1,104 mm), occurring mostly as rainfall. The precipitation 
is evenly distributed throughout the year, ranging from 2.70 inches (69 mm) 
in February to 5.15 inches (131 mm) in August. Summer precipitation is char- 
acterized by short, high intensity rainfalls from convective storms, and 
winter precipitation is derived primarily from frontal storms. 
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Land use in the study area has changed rapidly in the last decade. In. 
1959, the basin was largely rural, with 


a ee en ae 
cultivation or in pasture and j - Only ) per- 
C W occupied i an 1 st es, which were generally 


located in small towns at highway intersections on the perimeter of the basin. 

A housing boom began in the drainage basin in 1962. Developers subdivided the 
land, and new houses were built throughout the basin. Most of the early develop- 
ment was centered in the lower quarter of the basin; however, housing develop- 
ments were scattered throughout by 1968. The developments generally consist 

of detached houses on half-acre (0.2 ha) or smaller. lots and some townhouses 

and apartments. Housing construction was accompanied by construction of schools, 
shopping centers, highways, and recreational facilities to meet the needs of 

the enlarged population. 


Land-use changes in the basin were determined from aerial photographs by 
the dot grid sampling method. The data summarized in table 1 indicate that 
construction activity was fairly constant from 1963 to 1972. Since 1963, the 
land under construction has gradually increased from about 2 percent to an 
average between 3 and 4 percent each year. The basin has been transformed from 
a rural area with some development on the relatively flat drainage divides to 
a suburban area with residences and commercial props occupying 20 percent 
of the basin. Impervious surfaces totalled 9 acre 95 km or 7.2 percen 
of the basin in 19/1. 


Table 1.--Land use, in percent of drainage area, in the Northwest 
Branch Anacostia River basin, Montgomery County, Md., 
1959-71. 


penne ry SE PPS SPECT A tS Ra 


Date Cultivated Grass Woodland Suburban Construction 


November 1959 33.3 S34) 29.6 385 0.5 
March 1963 24.6 She 28.5 6.5 C.9 
March 1964 24.5 37.8 28.5 10 2.2 
December 1964 - - - - 1.6 
July 1965 = - es ss De 
June 1966 14.6 38.3 30.0 13.8 3.3 
June 1967 1A 36 37.3 29.3 15.0 S28 
June 1968 14.3 a bee 29.1 16.4 3.0 
June 1969 13.6 36.4 29.0 L734 3.6 
June 1970 NS ee 36.3 29.2 18:0 3.4 
June 1971 13.2 cisre 29.1 19.8 co. 


amma nn eS aaa emanates 


Note.--Suburban category in this report represents all residential and 
commercial area. The urban category in a previous report, Yorke and 
Davis (1972), represented commercial area and residential area with 
lots half an acre or less. 


INTRODUCTION y 
Sediment Control 


The urban sediment control program in Montgomery County was one of the 
first in the Nation. This program evolved gradually through the efforts of 
many individuals and local agencies in the Washington, D.C. area. One of 
these organizations, The Interstate Commission on the Potomac River Basin, 
initiated a study (Guy and others, 1963), which was the impetus for the 
Montgomery County Program and others in Maryland and Virginia. The study 
group recommended that sediment control become the stated policy of local 
governments, that urban development be planned carefully, and that local or- 
dinances be adopted to require developers to employ erosion-control measures 
on construction sites. 


Urban sediment control was implemented with guidelines and principles 
similar to those used for many years to control erosion and sediment trans- 
port on agricultural lands. The basic principles were to fit development to 
the natural topography, expose the least amount of land possible, provide pro- 
tection for bare soils, prevent surface runoff from critical sites, and trap 
eroded materials before they could be transported from the construction sites. 
Some of the commonly used control measures include: scheduled grading to limit 
the amount of soil exposed at any one time; mulch protection and temporary 
vegetation to protect bare soils; diversion berms, level spreaders, and stabi- 
lized waterways to reduce erosion on critical slopes; and sediment basins to 
trap eroded sediments on site. 


The program was implemented in several phases. In 1965, the Montgomery 
County Council adopted a program that encouraged developers to include sedi- 
ment-control provisions voluntarily when new subdivision plans were submitted 
for approval. This program was not initially effective because many of the 
projects, which were developed in subsequent years, had been approved prior 
to 1965, and sediment controls were not included. Moreover, many of the devel- 
opers and grading contractors were not familiar with methods of sediment con- 
trol. The program was reinforced in 1967 when the County Council passed an 
ordinance requiring that erosion and sediment control plans be submitted with 
preliminary subdivision plans. The Montgomery County Soil Conservation District 
reviewed the sediment control plans and assisted developers in planning adequate 
controls. An increasing number of sediment-control devices were installed at 
construction sites after 1967, but there were still several problems with the 
program. The two major problems between 1967 and 1971 were that some controls 
were not properly installed and many others were not adequately maintained. 


The third phase of the program was begun in 1971, when Montgomery County 
established a Sediment Control Section within the Department of Environmental 
Protection. This section was assigned the responsibility of reviewing plans 
and inspecting sediment controls. For the first time there was a provision to 
follow up office review of plans with field inspection of control measures by 
trained inspectors. 


STREAMFLOW AND SEDIMENT DISCHARGE S| 


Streamflow has been measured at the gaging station on the Northwest Branch 
Anacostia River near Colesville since 1923. The gaging station is operated as 
part of the nationwide streamflow-monitoring network using standard stream- 
gaging procedures described by Carter and Davidian (1968). Suspended sediment 
has been monitored since 1960. Suspended-sediment concentration data has been 
collected manually and with automatic samplers. Generally, depth-integrated 
samples only are collected during baseflow periods, whereas automatic samples 
from a single-stage sampler and a pumping sampler, supplemented by manual 
samples, are collected during storms. Ten or more samples are normally used 
to define the variation of sediment concentration during runoff periods. The 
continuous record of water discharge and sediment concentration are used to 
compute the sediment discharge transported during storms. A detailed descrip- 

‘tion of this computational procedure was prepared by Porterfield (1972). Sedi- 
ment discharge records are available from 1960 to 1972, daily records from 
October 1962 to September 1972. 


During October 1962 to September 1972, variation in precipitation arid 
streamflow was considerable. Annual precipitation at College Park averaged 
41.64 inches (1,058 mm) compared to the 86-year average of 43.47 inches 
(1,104mm). Precipitation ranged from 32.81 inches (833 mm) in 1966 to 53.34 
inches (1,355 mm) in the 1971 water year. Runoff during the same period aver- 
aged 13.35 inches (339 mm) compared to the 49-year average of 14.09 inches 
(358 mm). Suspended-sediment discharge averaged 16,600 tons (15,100 tonnes ) 
per year and ranged from 9,500 tons (8,620 tonnes) in 1969 to 38,300 tons 
T3T,700 tonnes) in the 1972 water year. 


Most of the sediment was transported by the stream during large storms. 
A duration curve of daily sediment discharge indicates that the sediment dis- 
cha was greater than 500 tons (454 tonnes) 2.4 percent of the time (86 days). 
The sediment discharge resents ercent o é -year 
total. the daily sediment discharge was greater than 1,000 tons (907 tonnes) 
Tc2 percent of the time (44 days), accounting for 60 percent of the total. In 


contrast, the daily sediment discharge was less than 0.3 and 2.0 tons (0.27 and 
1.81 tonnes) 50 and 80 percent of the time, respectively. 


The timing of large storms has a considerable impact on the monthly varia- 
tion of sediment discharge. Average monthly sediment discharge during 1963-72 
ranged from 718 tons (651 tonnes SEE DECUMmvSEr-ES 3-800 tons (3,750 ton es) in 
° verage sedimen Scharpes ror september through January were 
below the mean monthly discharge of 1,380 tons (1,250 tonnes), and the sediment 
discharges for February, March, June, and August were above the mean. This 


variation is consistent with normal weather patterns and storm conditions. 
October through January is characterized by low precipitation, low intensity 


storms, and some precipitation in the form of snow, none of which cause heavy xX 
erosion and sediment transport. The higher sediment discharges in February and 
March are the result of high runoff genera rom_a combination oO LE! Sil- ree = 

O me revels, gccasiona now pejt, and raintall. e gn sediment dis- A | 


“CMITees tT one and August are the result of intensive rainfall from convective 
- storms that causes severe erosion. The sediment discharge for July is below frost 
the monthly mean; however, the long-term discharge is probably comparable to Le 
those of June and August as the rainfall, soil conditions and other erosion 
factors are comparable. This seasonal distribution of suspended-sediment dis- 
charge approximates the distribution of erosion index values for the Atlantic 
Coast area (Guy, 1964). The erosion hazard is highest in June, July, and 
August and tapers off to a low in December and January. 
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Figure 2.--Monthly variation of water and suspended-sediment discharge, 
Northwest Branch Anacostia River near Colesville, Md., 1963-72. 


The contribution of large storms and the monthly variation of sediment dis- 
charge are important factors in planning and designing methods of controlling 
sediment. The principles of sediment control, as outlined by the Maryland- 
National Capital Park and Planning Commission (1967), consider using artificial 
or vegetal cover to protect exposed soils and using structures to limit and re- 
tain the sediment in transport; however, they do not consider the optimum time 
for installation of protective measures. The time distribution of sediment trans- 
port in the Anacostia River basin indicates that the late fall and early winter 
months have the lowest erosion potential and are apparently the best time for 
initial grading and construction work. If major grading work was completed in 
the fall and all protective measures were installed by mid-winter, there would be 
protection during high runoff in the spring and during the intense summer storms. 
The quantity and size of control measures are as important as the timing of their 
installation. Large storms account for much of the sediment transported by local 
streams, and sediment-control measures must be able to accommodate the runoff 
from these storms for the program to be fully effective. 
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The monthly and annual summaries of water discharge and suspended-sediment 
discharge are shown in Tables 2 and 3. The data in the tables indicate that 
water and sediment discharge increased substantially during the second half of 

yes data-collection period. Runoff averaged 10.24 inches per_year (2 per 


ear) from 1963 to 1967 and inches pér jim per year) from 1968 
:: ort. The average annual Se iment discharge during the same periods increased 
from 14,700 to 18,400 tons (13,300 to 16,700 tonnes). Most of the increase in 


sediment can be attributed to high runoff in the 1971 and 1972 water years and 
the effects of Hurricane Agnes in June 1972. . The suspended sediment transported 


.on June 21-22, 1972 was 20,100 tons (18,200 tofnes), which 1s greater tnan any 
previous annual discharge. 


Although sediment discharge increased during the study period, the increase 
was not proportional to the increase in water discharge. Figure 3 is a double 
mass curve of storm runoff and suspended-sediment discharge for all significant 
storms between October 1962 and September 1972. A substantial break in the rela- 
tion occurred between the 1967 and 1968 water years indicating either a decrease 
in suspended-sediment discharge or an increase in storm runoff. This change in 
the relation was tested with an analysis of covariance. Storm runoff and sedi- 
ment discharge were accumulated at 3-month intervals, then divided into two per- 
fods, October 1962 to September 1967 and October 1967 to September 1972, to de- 
termine if the relation between the two variables was significantly different 
during the periods. An F-ratio of 5.28 indicated that the observations would 
not fit one regression line at the 99-percent confidence level. This means that 
the change in the relation observed in the mass curve is statistically signifi- 
cant and that the break in the mass curve would occur by chance alone once in 
100 times, 
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Figure 3.--Cumulative storm runoff and suspended-sediment discharge, 
Northwest Branch Anacostia River near Colesville, Md., 1963-72. 
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As mentioned above, the break in the relation between suspended-sediment 
discharge and storm runoff could have occurred because of a decrease in sedi- 
ment or an increase in storm runoff. It is logical that storm runoff would 
increase as the amount of impervious area in the basin increased; however, as 
the impervious area has increased gradually during the study period, the storm 
runoff rate would probably also increase gradually. On this basis, it is 
likely that the break in the relation between suspended-sediment discharge and 
storm runoff occurred because of a decrease in sediment rather than a sharp in- 
erease in runoff. 


Several conditions could account for the reduced sediment discharge from 
the basin. One logical explanation would be a decrease in the number of sedi- 
ment-source areas. An inspection of the land-use records, however, indicates 
that the change in sediment-source area has been insignificant since 1965. 
Cultivated land has decreased, but this is compensated for by an increase in 
construction area during the same period. Suburban land area increased from 
15 to 20 percent of the basin between 1967 and 1971, but this would not result 
in any substantial decrease in sediment discharge, as the erosion potential of 
suburban land is probably comparable with that of other stable land uses. 
Actually, an increase in suburban land could increase sediment discharge because 
of accelerated streambank erosion as channels of small tributaries enlarge to 
accommodate increased runoff from impervious surfaces. 


Migration of construction activities further upstream could also account 
for a decrease in sediment discharge. With a larger intervening area between 
the sediment source on construction sites and the sampling point, a substantial 
part of the sediment load could be deposited in the channel and flood plain. 
This would be particularly true if the soils in the source area had a high 
sand content. However, the source material and the sediment transported from 
the basin are largely clay and silt, and it is unlikely that much of the fine 
material in suspension is deposited within the basin. 


The factor most likely responsible for the decreased sediment load between 
1968 and 1972 is the sediment-control program begun in 1965. The program 
started making substantial gains after 1967. Land-use surveys in 1966 and 
1967 indicate that 1.3 and 9.1 percent of the construction areas in the basin 
had controls. These surveys were based on design only and did not evaluate 
the efficiency of the controls. Subsequent countywide surveys of construction 
sites by the Montgomery County Sediment Control Task Force in 1968 and 1970 and 
by the Montgomery County Sediment Control Section in 1972 included on-site 
inspections. These surveys indicated that most of the developments had imple- 
mented sediment controls, but that many of the controls were installed impro- 
perly or were not properly maintained. During the respective surveys, 36, 41, 
and 56 percent of the active construction area within the county was judged to 
have adequate sediment controls. Data are not available to determine similar 
percentages for the Anacostia River basin, but they are probably comparable 
with those observed countywide. 


The effect of the increased use of sediment controls is further illustrated 
in Figure 4, Figure 4A is a plot of sediment discharge and storm runoff for 
growing-season storms during the 10-year study period. The solid lines repre- 
sent the least-squares regression curves for the indicated periods. Figure 4B 
is a similar plot for dormant-season storms, The shift of the regression curves 
for the periods 1968-70 and 1971-72 to the right of the curves for 1963-67 in- 
dicates a decrease in sediment discharge for a given volume of storm runoff. 

An analysis of govariance was used to test if the differences observed in the 
curves were statistically significant. The adjusted means of the dormant-season 
sediment loads for the three periods were determined to be significantly dif- 
ferent from each other. The growing-season adjusted mean for the period 1971-72 
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was significantly different than the means for the 1963-67 and 1968-70 periods; 
however, there was not a significant difference between the growing-season 
means for the 1963-67 and 1968-70 periods. : 


The higher efficiency of sediment controls observed during dormant seasons 
in the initial phase of the sediment-control program was to be expected because 
of the nature of storms in the fall and winter. These are generally frontal 
storms with low-intensity rainfall compared with that associated with convec- 
tive storms in the summer. Sheet erosion and runoff peaks are low, and sedi- 
ment-control structures are able to control the runoff and retain the sediment 
on the construction sites. In contrast, the intense rainfall in the summer 
causes severe erosion and high runoff rates that commonly exceed the capacity 
of control structures. The general improvement in the control program after 
1971 is reflected by the large shift to the right of the regression curve for 
the 1971-72 growing seasons (fig. 4A). Apparently, control structures that 
were properly installed and adequately maintained were able to provide adequate 
control for a greater percentage of the summer storms. 


Overall, the sediment-control program has been effective in reducing the 
suspended-sediment load transported from the Anacostia River basin. The load 
that would have been transported from the basin between 1968 and 1972 without 
the control program was estimated to be 110,000 tons (99,800 tonnes). The 
runoff observed between 1968 and 1972 and the regression equations developed 
for the seasonal sediment loads between 1963 and 1967 were used to make this 
estimate. The estimated load for Hurricane Agnes (June 21-22, 1972) was ex- 
cluded because the Agnes runoff far exceeded the range of runoff sampled be- 
tween 1963 and 1967. The suspended sediment actually measured between 1968 
and 1972, excluding the 20,100 tons (18,200 tonnes) from Hurricane Agnes, was 


70,000 tons (63,500 tonnes). This represents a 35 percent reduction, which is 


surprisingly high considering that the amount of construction area in the county 
with adequate controls ranged from 36 percent in 1968 to 56 percent in 1972. 


SUMMARY 


The suspended sediment transported by the Northwest Branch Anacostia River 
near Colesville, Md., was monitored from 1962 to 1972. There were substantial 
physical changes within the basin that are reflected in the sediment discharge. 
An average of 3 percent of the basin was under construction each year, and the 
urban land area increased from 3.5 to 20 percent of the basin between 1959 and 
1971. The suspended sediment transported from the basin during the 10-year 
period is characterized by the following statements. 


( 1. Total suspended-sediment discharge was 166,000 tons (151,000 tonnes). 


2. Essentially all the sediment load was transported during storms. 
Seventy-six percent of the sediment was transported on 86 days, 
or 2.4 percent of the time. 


/, 3. Fall and early winter (October to January) was a period of low 
i. sediment discharge, and early spring and summer were periods of high 
sediment discharge. 


a: 4, Sediment discharge in relation to water discharge decreased during 

y/ the 10-year period. Sediment discharge during significant storms 

| between 1968 and 1972 was 70,000 tons (63,500 tonnes), about 35 per- 
cent less than that estimated by regression equations based on sedi- 
ment and runoff data collected between 1963 and 1967. 
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